Background-Although many genetic epidemiology and biomarker studies have been conducted to examine associations of genetic variants and circulating proteins with cardiovascular disease and risk factors, there has been little study of gene expression or transcriptomics. Quantitative differences in the abundance of transcripts has been demonstrated in malignancies, but gene expression from a large community-based cohort examining risk of cardiovascular disease has never been reported. Methods and Results-On the basis of preliminary microarray data and previously suggested genes from the literature, we measured expression of 48 genes by high-throughput quantitative reverse-transcriptase polymerase chain reaction in 1846 participants of the Framingham Offspring cohort from RNA derived from isolated platelets and leukocytes. A multivariable stepwise regression model was used to assess clinical correlates of quantitative RNA expression. For specific inflammatory platelet-derived transcripts, including ICAM1, IFNG, IL1R1, IL6, MPO, COX2, TNF, TLR2, and TLR4, there were significant associations with higher body mass index (BMI). Compared with platelets, fewer leukocyte-derived transcripts were associated with BMI or other cardiovascular risk factors. Select transcripts were found to be highly heritable, including GPIBA and COX1. Almost uniformly, heritable transcripts were not those associated with BMI. Conclusions-Inflammatory transcripts derived from platelets, particularly those part of the nuclear factor B pathway, are associated with BMI, whereas others are heritable. This is the first study, using a large community-based cohort, to demonstrate clinical correlates of gene expression and is consistent with the hypothesis that specific peripheral-blood transcripts play a role in the pathogenesis of coronary heart disease and its risk factors. (Circulation. 2010;122:119-129.)
L arge numbers of genetic epidemiology and biomarker studies have been conducted to examine associations of common genetic variants and circulating proteins with clinically apparent cardiovascular disease and associated risk factors; however, there has been relatively little study of gene expression or transcriptomics. It is believed that quantitative differences in the abundance of specific transcripts partially accounts for phenotypic differences between individuals. 1 The power of gene expression analysis is based on the strong quantitative relation between DNA, RNA, and proteins, and it is estimated that 85% of autosomal transcript expression is heritable. 1 The most extensive descriptions using peripheral blood cells for the identification of disease state have been in oncology, which have noted the utility of gene expression for the detection of disseminated breast cancer and leukemia. [2] [3] [4] However, no adequately powered study has reported the clinical correlates of gene expression in a large communitybased cohort.
Clinical Perspective on p 129
Advances in the fields of genomics and biomarker signatures have modified the definition of complex diseases in recent years. In the area of cardiovascular disease, the human genome-wide association studies have analyzed up to 2.5 million single-nucleotide polymorphisms in the human genome in large numbers of subjects and genetically redefined many common diseases and risk factors. [5] [6] [7] [8] Conversely, large gene expression profiling studies have not yet been reported from epidemiological cohorts focused on risk factors for atherothrombotic disease or obesity. As compared with oncological studies, for obesity or heart disease, transcriptomics data are far more limited, and studies are much smaller in size. Although there are no large studies showing changes in transcript expression in obesity, aortic samples have been analyzed for gene expression from patients with abdominal aortic aneurysm and arterial occlusive disease, 9, 10 and gene expression profiling has been shown to predict cardiomyopathy pathogenesis in heart failure. 11 Researchers interested in studying the relation of gene expression to obesity and cardiovascular disease in the community must study peripheral blood cells. This is because, unlike oncological tissue, the RNA of direct interest (ie, vessel wall, fat tissue, and heart) is not readily available. In smaller studies 12, 13 and healthy populations, 1 peripheral blood cells have been studied to define vascular disease. Gene expression has been associated with high-density lipoprotein (HDL) concentrations, 1 myocardial infarction, 13 and sickle cell disease, 14 with an emphasis on the identification of transcripts mirroring the intense inflammatory nature of these pathophysiological conditions. In the present study, we hypothesized that cardiovascular risk factors influence interindividual variability in expression of targeted transcripts from isolated circulating blood cells. Isolated platelets and leukocytes were chosen because preliminary data from our group and others demonstrated that these RNA sources are reflective of atherothrombotic disease. Additionally, they provide complementary cellular and genetic information that may be important because comparative data of RNA derived from blood suggest that the primary determinant of gene expression may be the specific source of RNA. 15 Although these data provide the first large-scale study of gene expression and risk factors, specifically obesity, in a community-based cohort, a limitation of this study is the cross-sectional design, and future prospective studies will be needed to determine the extent to which transcript profiles can predict the development of cardiovascular disease or whether modification of body mass index (BMI) leads to changes in transcript expression. Importantly, unlike plasma or serum-based markers, which are easily obtained and stored, RNA has only 
Risk Factor Assessment
At each routine clinic visit, participants underwent physical examination, 12-lead ECG, anthropometry, and laboratory assessment of vascular risk factors. Participants with systolic blood pressure Ն140 mm Hg or diastolic blood pressure Ն90 mm Hg (mean of 2 readings taken by an examining physician) or receiving medication for the treatment of hypertension were defined as having hypertension. Plasma glucose and total cholesterol were measured. Diabetes mellitus was defined (throughout the study period) as fasting plasma glucose Ն126 mg/dL, a nonfasting glucose of Ն200 mg/dL, or treatment with either insulin or hypoglycemic agents. Participants were considered to be current smokers if they smoked on average at least 1 cigarette per day during the year before examination.
Selection of Genes
The original hypothesis of this project (National Heart, Lung, and Blood Institute 5R01HL087201) was that increased activation of thrombotic and related inflammatory pathways specifically mediated by nuclear factor B (NFB) is a proatherothrombotic phenotype that can be assayed noninvasively via study of gene expression of NFB-dependent receptors and enzymes in circulating platelets and leukocytes. We postulated that the expression of these genes is influenced by both environmental factors and by genetic variation and would be related to incident coronary heart disease longitudinally (Table 1 , online-only Data Supplement Table I ). Several of these genes were chosen from pilot data examining isolated platelet and leukocyte microarray and quantitative reverse-transcriptase polymerase chain reaction (qRT-PCR) gene expression from patients with cardiovascular disease. In addition, select genes from previously published studies that associated cardiovascular risk factors with gene expression (derived from a variety of cellular sources) were included (online-only Data Supplement Table I ).
Laboratory Analyses
Samples were processed and assayed (including RT-PCR) within 2 months of completion of Offspring cohort participant visits. All cell isolation took place on site at the Framingham Heart Study. Further processes and analyses were at the Boston University School of Medicine.
Cell Isolation
Citrated venous blood (35 mL) was collected from the participants. Blood samples were centrifuged (80ϫg), and platelet-rich plasma (PRP) was collected. An equal volume of platelet-washing buffer, apyrase, and hirudin were added to the PRP in 0.05 U/mL and 0.08 U/mL concentrations, respectively. Prostaglandin E 1 was added to the PRP at a final concentration of 0.3 mol/L. The PRP was then centrifuged at 450ϫg to remove the plasma. The platelet pellet was resuspended with platelet-washing buffer and filtered through a 5 m syringe-adaptable filter to remove white blood cell contaminants. Additional analyses by the laboratory using flow cytometry, confocal microscopy, and RNA assessment has confirmed Ͻ1/ 50 000 leukocyte contamination of the platelet preparation. The platelets were pelleted by centrifugation (450ϫg) and lysed with RNA lysis solution (RLT; Qiagen, Germantown, Md). From the remaining blood, the buffy coat was transferred into a Ficoll separation tube called CPT (Becton Dickinson, Franklin Lakes, NJ) and centrifuged at 1700ϫg for 20 minutes at room temperature. The peripheral-blood mononuclear cells (PBMCs) were transferred into a clean tube, washed with phosphate-buffered saline, pelleted by centrifugation, and lysed with RLT solution. Platelet and PBMC lysates were kept at -80°C for further RNA isolations.
RNA Isolation
Total RNA was isolated in both platelets and PBMCs using RNeasy Mini Kits (Qiagen). The RNA isolation was completed using an automated purification instrument, QIAcube (Qiagen). After isolation, the concentration of the isolated RNA was measured using a ND-1000 NanoDrop Spectrophotometer (NanoDrop, Wilmington, Del). The RNA samples were stored at -80°C until later cDNA conversion.
Complementary DNA Conversion
Isolated RNA samples, both platelets and PMBCs, were converted to complementary DNA (cDNA) using High-Capacity cDNA Reverse Transcription Kits (Applied Biosystems, Foster City, Calif) in a PTC-200 Peltier Thermal Cycler (MJ Research, Watertown, Mass). The RNA was converted to cDNA using the following conditions: 25°C for 10 minutes, 37°C for 120 minutes, 85°C for 5 seconds, and 4°C until further processing or storage. cDNA samples were kept at -80°C for further PCR analysis.
Preamplification
Before PCR reactions, the cDNA samples were preamplified using Taqman PreAmp Master Mix (Applied Biosystems). The PreAmp Master Mix and 0.2ϫ TaqMan assays were added to each cDNA sample, and the preamplification protocol was as follows: 50°C for 2 minutes, 95°C for 10 minutes, 95°C for 15 seconds, 60°C for 1 minute (these last 2 steps were repeated for 14 cycles), and 4°C until further processing or storage. The preamplified cDNA samples were kept overnight at 4°C.
Quantitative Reverse-Transcriptase Polymerase Chain Reaction
qRT-PCR was performed with a high-throughput RT-PCR instrument (BioMark; Fluidigm, San Francisco, Calif). Preamplified cDNA samples were mixed with TaqMan Universal Master Mix (Applied Biosystems) and Sample Loading Reagent (Fluidigm) and pipetted into sample inlets of the DynamicArray 48.48 chips (Fluidigm). TaqMan Gene Expression Assays (Applied Biosystems) were diluted 1:2 times with Assay Loading Reagent (Fluidigm) and then pipetted into the assay inlets of the DynamicArray. The DynamicArray was placed into the NanoFlex controller to distribute the assays and samples into the reaction wells of the chip through microfluidic delivery. All qRT-PCR reactions were performed in the BioMark Real-Time PCR system using the following protocol: 2 minutes at 50°C, 10 minutes at 95°C, 15 seconds at 95°C, and 1 minute at 60°C for 30 cycles.
Statistical Analysis
Descriptive statistics are displayed as mean (SD) for continuous variables and percentage (count) for categorical variables. Multivariable linear regression models for gene expression data as cycle threshold (Ct) values were fitted using stepwise selection with ␣ϭ0.001 to enter and to stay in the model; sex, age, and "housekeeping-gene-expression-value" were forced in. Candidates for entry (all assessed at the same examination when RNA was collected) were BMI, heart rate, smoking status, total cholesterol, HDL cholesterol, triglycerides, systolic blood pressure, diastolic blood pressure, glucose level, diabetes, coronary heart disease, lipid-lowering therapy, hormone replacement therapy, antihypertensive therapy, and regular aspirin use (at least 3ϫ per week).
To display selected results, we grouped participants by obesity status (BMI Ͻ25, Ն25, Ͻ30, and Ն30 kg/m 2 ), sex, heart disease status ,or age groups (Ͻ60, 60 to 69, Ն70 years) and calculated least-squares means for expression Ct values for each gene, adjusting for sex, age, and housekeeping expression level. Least-squares means represent the predicted values for each group when adjustment variables are held fixed at sample mean values. We graphed differences in predicted Ct values (interest group -reference group), ordered by decreasing value for display.
Hierarchical clustering of genes was carried out on ␦ Ct values with the SAS procedure VARiable CLUStering (VARCLUS) 19 using principal components with clustering criterion "maximum eigenvalue ϭ0.80" for splitting clusters. When choosing a cluster to split, the cluster with the largest second eigenvalue is selected, provided that its second eigenvalue exceeds the criterion.
For heritability estimation, we used variance-component models fitted with SOLAR (sequential oligogenic linkage analysis routine) separately for each gene from each specimen source. 18 Except for heritability estimation, statistical analyses were performed using SAS version 9.1 with significance criterion ␣ϭ0.001 (2-sided). 19 To examine gene expression jointly in leukocytes and platelets, we estimated partial correlations accounting for sex, age, and housekeeping expression levels. We carried out power calculations using the Cohen approach in the setting of multiple regression analyses. 20 We held fixed the following values: sample size, Nϭ1857 and significance level, ␣ϭ0.001 and we calculated the values of true correlations between 2 variables necessary to provide powerϭ1-␤ϭ0.80, 0.90, and 0.95. We found that ϭ0.096 yields power Ն0.80, ϭ0.107 yields power Ն0.90, and ϭ0.115 yields power Ն0.95. Thus we had excellent power to detect very modest correlations.
Results

Transcript Expression Level
Genes (nϭ48) were selected based on the criteria discussed above, including preliminary microarray data in cardiovascular patients, inflammatory genes of interest to the Framingham investigators, and transcripts previously associated with coronary disease, with the acknowledgment that many were derived from other peripheral blood sources (Table 1 , onlineonly Data Supplement Table I ). Of these 48 genes, 4 genes were selected to be used as reference genes (constitutively expressed) in order to define appropriate housekeeping genes (ie, stability) across a large population of individuals.
General expression levels for the 48 genes are shown in online-only Data Supplement Table II for platelets and leukocytes for all genes for the raw Ct values. After normal- ization with the housekeeping genes (see below), expression levels (␦ Ct values) are shown in online-only Data Supplement Table II 
Housekeeping Genes
Four reference genes were chosen to be used as housekeeping genes in the normalization of the qRT-PCR results. Because there is no literature available validating a suitable housekeeping gene in a large epidemiological sample using peripheral blood cells, RNA expression from 4 general reference genes were measured; ␤ actin (ACTB), ␤2-microglobulin (B2M), glyceraldehyde-3-phosphate dehydrogenase (GAPDH), and eukaryotic ribosomal protein 18S (18S). For both platelets and leukocytes, all but 18S were highly correlated (online-only Data Supplement Figure Ia and Ib); therefore, in subsequent analyses, the mean of ACTB, B2M, and GAPDH for each individual was used to standardize gene expression.
Cluster Analysis
To determine whether specific genes have related expression patterns (coexpressed), cluster analysis was performed. Six genes with low expression levels were removed before cluster analysis: CCL2, FCER1A, IL6, OR10J1, PTPRN2, and TNFRSF11B. Cluster analysis of gene expression was carried out using ␦ Ct values. Clustering by principal components method with a criterion of maximum eigenvalue Ͼ0.80 was used. For platelets, the housekeeping genes fell in 2 clusters, and many of the NFB-dependent genes fell in a distinct cluster ( Figure 1A) . Results obtained from clustering of platelet expression data by multiple methods led to similar clusters, with all 3 methods producing 3 large clusters, each with 7 to 12 members. Clustering of leukocyte expression data by the principal components method produced 8 clusters with 1 to 11 members ( Figure 1B) . Clusters seen for leukocyte gene expression were notably distinct as compared with those seen with platelet-derived transcripts.
Stepwise Regression Analysis
Clinical characteristics for the 1857 participants are listed in Table 2 and divided according to BMI categories. By multiple regression analysis, most genes show little variation in Ct values beyond that accounted by housekeeping genes (ie, most gene expression levels were highly correlated with the housekeeping genes), but there are some factors that added to model R-squared, particularly BMI. A summary of the regression analysis (Table 3 ) demonstrates select associations with specific genes for platelets or leukocytes. Notably, there is little overall homology between these associations when comparing platelets with leukocytes. For both platelet and leukocyte gene expression, associations for most cardiovascular risk findings other than sex and age are absent. Notably present, however, is BMI and, to a lesser extent, diabetes (type II) and HDL levels (Table 3) .
Age, Sex, and Gene Expression
As seen in Table 3 , expression of many genes was associated with age and sex. To further understand these associations, the ␦ Ct value for each gene for platelets and leukocytes was compared with age or sex. As seen in online-only Data Supplement Figure IIa, platelet gene expression was nearly uniformly increased for subjects older than 70 years, particularly as compared with subjects between the ages of 60 to 69 years or younger than 60 years. This is in contrast to the age-related associations seen with leukocytes (online-only Data Supplement Figure IIb) ; many of the genes appeared to have decreased expression with increasing age. With regard to sex, most platelet-derived genes were more highly expressed in women (online-only Data Supplement Figure IIIa) , and this increase in gene expression in females was also seen, but to a lesser extent, in leukocytes (online-only Data Supplement Figure IIIb) . Notably, MPO was the most highly expressed in men in both platelet and leukocyte transcripts.
Obesity and Gene Expression
Of all the clinical variables studied other than age and sex, the most commonly associated variable with gene expression was body mass index (BMI; ICAM1, and for BMI and leukocytes, FCER1A and CCL2. For both platelet and leukocytes, there were both increased and decreased gene expression associated with BMI, specifically for BMI Ͼ30 kg/ m 2 ( Figure 2A and 2B ). Because of these findings, we also ran models with interactions of BMI with sex and age and examined the interaction of gene expression with BMI and waist circum-
Coronary Heart Disease and Gene Expression
Expression of several platelet-derived transcripts were borderline associated with prevalent cardiovascular disease, including S100A9, ALOX5, and NFKB1, with only expression of SELENBP1 statistically significant (PϽ0.001; online-only Data Supplement Figure Va ). There were no significant associations for prevalent cardiovascular disease with gene expression from leukocytes (online-only Data Supplement Figure Vb ).
Heritability
Although a significant portion of variation in the transcriptome must be assumed to be due to environmental influences, genetic factors also have been reported to regulate gene expression. 1 As seen in Table 4 (significant associations are in bold), several of the platelet and leukocyte genes demonstrated moderate to substantial heritability. Unexpectedly, heritability of gene expression was only partially homologous for platelets and leukocytes. Highly heritable gene expression (estimates H2Ͼ0.30) were found in lymphocytes for GP1BA, PTGS1, and GSTP1, and similarly in platelets for GP1BA and CD36. None of the highly heritable expressed genes were shown to have association with cardiovascular risk factors or prevalence of cardiac disease. However, it is noted that GP1BA and CD36 were associated with elevated triglyceride levels.
Discussion
In the current community-based sample, we found that expression of specific genes from isolated peripheral blood cells is associated with coronary heart disease and selected risk factors, particularly obesity, and is also heritable. On the basis of preliminary microarray data and previously suggested genes from the literature, expression of 48 genes was measured in 1846 participants of the Framingham Offspring cohort from RNA derived from isolated platelets and leukocytes. Specific inflammatory platelet-derived transcripts, including ICAM1, IFNG, IL1R1, IL6, MPO, and TLR2, were significantly associated with higher BMI. Compared with platelets, fewer leukocyte-derived transcripts were associated with obesity or other cardiovascular risk factors. Select transcripts were found to be highly heritable, including GPIBA and COX1. Almost uniformly, heritable transcripts were not those associated with obesity or a history of heart disease. These data showed that inflammatory transcripts derived from platelets, particularly those part of the NFB pathway (Figure 3 ), were associated with obesity and coronary heart disease, whereas other distinct transcripts, many known to be related to platelet function, were heritable. In addition to examining the relations between cardiovascular risk factors and gene expression, this study begins to answer some more fundamental questions about the approach to measuring transcripts in a large community-based group. The first question was the correct use of a gene for normalization ("housekeeping" gene). Four reference genes were chosen to be used as housekeeping genes in the normalization of the qRT-PCR results. Currently, there is no literature available validating a suitable housekeeping gene in a large epidemiological sample using peripheral blood cells. Therefore, data were generated and analyzed from all participants examining 4 potential housekeeping genes. For both platelets and leukocytes, all but 18S were highly correlated (onlineonly Data Supplement Figure Ia and Ib), establishing that the mean of ACTB, B2M, and GAPDH for each individual would be suitable to standardize gene expression.
Another important question is whether all sources of blood-derived RNA are the same or whether a specific source of RNA better reflects differences between individuals. The distinct results for the platelet-and leukocyte-derived RNA, as well as the cluster analysis, suggest that the source is very important. Currently, whole-blood RNA derivation is simpler and less costly than leukocyte or platelet isolation and thus is being widely used. The conventional assumption has been that any source of RNA from the blood is equivalent to detect clinically meaningful differences. However, it has been shown that whole-blood methods do not provide the same data as isolated leukocytes, 15 and the most predominant mRNA in whole blood is residual mRNAs associated with erythrocytes or reticulocytes. 15 When comparing the 2 methods, the primary determinant of gene expression was shown to be the source of RNA and not the disease state. 15 Heritability has been established for transcripts derived from blood, but this large study specifically used peripheral-blood lymphocytes. 1 Only further studies will define the appropriate source of RNA for a particular phenotype, and ease of preparation will also factor into the debate.
Sex differences seen in this large human cohort are consistent with smaller gene expression animal studies that suggest that sex-biased gene expression is widespread across organisms and genomes. 21 Sex-biased genes have been shown to have rapidly evolved and may be labile in their pattern of expression. 21 It has also been suggested that expression of sex-biased genes and the selective forces that influence this form of phenotypic diversity are underappreciated. 21 In monkeys, major differences in gene regulation exist between males and females in vascular aging. 22 Differences in genes regulating vascular structure involve sex differences in vascular stiffness that develop with aging and are programmed at an early stage in development. Therefore, although sex-linked genes are known to influence gene expression, a fundamental question is whether sex is associated with non-X chromosome-or Y chromosome-linked gene expression. In this community cohort, the data would suggest that expression of specific genes varies between the 2 sexes. Although not all statistically significant, nearly all of the genes measured from platelets had higher expression in women as compared with men (online-only Data Supplement Figure IIIa) . This was seen to a lesser extent in leukocytes (online-only Data Supplement Figure IIIb) . Of note, the expression of MPO was significantly higher in men compared with women in both platelets and leukocytes.
Another unknown question is whether advancing age is associated with alterations in gene expression. The data from this community-based sample would suggest that, particularly from platelet-derived genes, expression of inflammatory genes is enhanced with increasing age (online-only Data Supplement Figure IIa) . However, this result is not as clearly seen when examining leukocyte-derived gene expression (online-only Data Supplement Figure IIb) , where almost half of the genes appeared to be decreased in participants older than 70 years. Thus the influence of age on gene expression varies depending on cellular source evaluated.
The biological consequences of cardiac risk factors have been previously assessed using gene expression analysis in smaller sample sizes. Cigarette smoke exposure has been shown to alter the expression of 90 genes from peripheralblood leukocytes, 23 and variability in expression was demonstrated to be more important in smokers than in nonsmokers. 24, 25 Diabetes was associated with reduced expression of genes encoding key enzymes for oxidative metabolism and mitochondrial function. 26 In addition, inflammatory receptors, including TLR2 and ILIR, were associated with increased BMI. The inflammatory modulators ICAM1, IFNG, IL6, and MPO were also associated with BMI. For both platelets and leukocytes, gene expression was associated with both increased and decreased BMI. No cardiovascular risk factors were associated with leukocyte gene expression, although TNF was associated with HDL levels. Importantly, as compared with BMI, waist circumference did not add additional or different specific gene expression findings in this study (online-only Data Supplement Figure IVa and IVb). This observation is not surprising because waist and BMI are highly correlated in this population. In addition, platelet-derived expression of SELENBP1 was associated with a history of cardiac disease. Little is known about SELENBP1, although it is responsible for selenium binding in enzymes, many of which have been previously correlated with the development of cardiac disease. 27 Although a significant portion of variation in gene expression must be assumed to be due to environmental influences, genetic factors also influence gene expression. Although completely distinct in population, methodology, and fundamental analysis (individual genes were not reported), the genome-wide transcriptional profiling of lymphocytic samples in the San Antonio Family Heart Study 1 estimated that 85% of the detected expression of autosomal transcripts were significantly heritable, and linkage analysis suggested greater than 1000 cis-regulated transcripts. In our data, it is notable that the expression of specific genes that were heritable were almost uniformly not the genes associated with risk factors and, specifically, BMI. Interestingly, several transcripts known to regulate platelet function were found to be heritable, including GP1BA. This is important in that platelet function itself as assessed by a variety of methods has been found to be heritable, but to this date, known genetic factors have not been correlated with thrombosis or platelet function. 28, 29 Although there have been other studies examining transcripts in blood, 30 -33 this study is unique in many respects. It is the first large community-based study, notably in an older population, to examine gene expression and cardiovascular disease. This study reports individual genes using the more robust platform of qRT-PCR. It is strengthened by the use of 2 sources of RNA from isolated cells and not whole blood. However, there are several limitations to our investigation. We did not perform a complete transcriptomics survey of the participants using microarray analysis. Importantly, in the current study, genes were chosen in a targeted manner, with an eye toward biological plausibility. In addition, microarray studies by nature are not hypothesis-driven and may have problems with multiple testing and false discovery, particularly when examining the impact of individual genes. Additionally, arrays are often normalized to commercially available "normals," making a substantial leap of faith in what one is controlling for. qRT-PCR relies on housekeeping genes, but these genes themselves may be influenced by disease states. By measuring multiple housekeeping genes and using only those that were internally consistent, potential error from erroneous normalization was minimized. In addition, the present study was conducted in middle-aged to elderly individuals of European descent; the generalizability to younger individuals or those of other ethnicity/race is unknown. We did not account for multiple testing; hence our data will need to be replicated in an external cohort.
Over the past few years, information obtained from gene expression data has been used to define and discover new mechanisms for disease and has clearly aided in diagnosis and treatment in the field of oncology. Cardiac disease is influenced by multiple risk factors, and its inherent complexity make the potentially diverse data provided from transcriptomic methods both exciting and daunting in the goals of diagnosis and treatment. Although blood samples are readily available from patients and hold the promise of assisting in the understanding, treatment, and diagnosis of atherothrombotic disease, much remains unknown, particularly which cell types are most appropriate for diagnostic and therapeutic use in each of these areas. In the future, transcriptomic data will be linked with additional phenotypic and genomic information and may provide a bridge in understanding the biological complexity of cardiac disease and its link to obesity.
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CLINICAL PERSPECTIVE
There have been many genetic epidemiology and biomarker studies examining associations of common genetic variants (DNA) and circulating proteins with clinically apparent cardiovascular disease and associated risk factors; however, there has been relatively little study of gene expression or transcriptomics. Quantitative differences in the abundance of transcripts (messenger RNA) has been demonstrated in specific malignancies, but gene expression from a large community-based cohort examining cardiovascular disease or its risk factors has never been reported. In this study, we measured quantitative expression of 48 genes in 1846 participants of the Framingham Offspring cohort from RNA derived from isolated platelets and leukocytes. Specific inflammatory platelet-derived transcripts were significantly associated with higher body mass index. Compared with platelets, fewer leukocyte-derived transcripts were associated with body mass index or other cardiovascular risk factors. Select transcripts were found to be highly heritable. This study demonstrates that inflammatory transcripts derived from platelets, particularly those part inflammatory regulating pathways, are associated with BMI, whereas other distinct transcripts, many known to be related to platelet function, are heritable. This is the first study, using a large community-based cohort, to demonstrate that quantitative gene expression is associated with risk factors, most notably body mass index. Table 2 . Gene Expression Levels. Expression levels with and without normalization for housekeeping genes (delta Ct values and raw values, respectively) for platelets and leukocytes.
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Supplemental Figure 1 . Housekeeping Gene Expression. Platelet (Supplemental Figure 1a) and leukocyte (Supplemental Figure 1b) . RNA expression from four reference genes were measured; beta actin (ACTB; black), beta-2-microglobulin (B2M; red), and eukaryotic ribosomal protein 18S (18S; green) were plotted against glyceraldehyde-3-phosphate dehydrogenase (GAPDH). Figure 3a) and leukocyte (Supplemental Figure 3b) . The line represents difference in predicted delta CT
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